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RESULTS OF INVESTIGATIONS (0A20A)
ON AN 0.015-SCALE 140A/B CONFIGURATION
SPACE SHUTTLE VEHICLE ORBITER MODEL
IN THE NASA/LANGLEY RESEARCH CENTER
UNITARY PLAN WIND TUNNEL

By

M. E. Nichols, Rockwell International
ABSTRACT

This report documents data obtained from a wind *unnel test of an
0.015-scale 140A/B configuration SSV Orbiter model in the NASA/Langley
ResearchCenter Unitary Plan Wind Tunnel. This test was conducted begin-
ning 10 September 1973, with runs at Mach numbers of 2.5, 3.9, and 4.6
for a constant Reynolds number of 2.5 x 105/foot. Only one model config-
uration, the complete 140A/B Orbiter vehicle, was investigated; various
control-surface settings were run through angles-of-attack from -4 to +42
degrees at 0 and +3 degrees of yaw and through angles-of-sideslip from -4
to +6 degrees at 0, +10, +20, and +30 degrees pitch.

The purpose of this test was to establish and verify longitudinal
and lateral-directional stability and control characteristics for the

updated SSV configuration.
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NOMENCLATURE
General
SADSAC
SYMBOL SYMBOL DEFINITION
a speed of sound; m/sec, ft/sec
Cp CP precsure coetficient; (p; - po)/q
M MACH Mach number; V/a
P pressure; N/m€, psf
q Q(NSM) dynamic pressure; 1/2pV°, N/m°, psf
Q(PSF)
RN/L RN/L unit Reynolds number; per m, per ft
v veloclty; m/sec, ft/sec :
o ALPHA angle of attack, degrees
B BETA angle of sideslip, degrees
1/ PSI angle of yasw, degrees
¢ PHI angle of roll, degrees
p mass density; kg/m3, slugs/ft3
Reference & C.G. Definitions
Ap | base srea; me, ft2
b BREF wing span or reference span; m, ft
C.g. center of grsvity
IREF LREF reference length or wving mean
¢ serodynamlc chord; m, ft
S SREF wing ares or reference ares; mg, £t°
MRP moment, referen&e point
XcG F moment reference point on X axis
Yeg YMRP moment reference point on Y axis
Zeg ZMRP moment reference point on Z axis
SUBSCRIPTS
b base
1 locsal
s static conditions
t total conditions
-]

free stream
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NOMFNCLATURE (Continued) )

Body-Axis Oyoten

SADSAC
SYMBOL SYMROL DEFINITTION

. v . QN t o
CN N normial-oree coetfieiont; w
q‘.\

e S

Ca cA ) -toree coerfictent: dxtnd foree
: g
\‘Y Y side-ror o coetficient: _;‘1_“_1_01&_ ' :
Qe P
X
Ca CAB brie-foree cootUicienty Qi roree
Ap 3 :
g (pp - o)/
i
C"\L‘ AN torcvbods nxinl toree cooftleioent, C.’\ - C‘\b ]
‘n VM pitehin: -moment coetrriciont; pltching moment

Al

yawitne moment

Cn CYN yawing-moment coet'icient: D
‘1;‘

~ ITey . Vv i y NN
Y B rolling-moment cootticieont: 1"01.1.111{. mor:nt
b

JLebility-Axic votem
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o
",
[ad

(‘L Ch 1irt coetrficiont: 2o~
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Cn N dray coefticet nts “h!;f*‘ 1]
. A drg,.
¢ ChR Bre-dry cocrictent: Do des

Db ' e

\‘DA' ODe {Ol'\‘bﬂijv' droer coetllctlent (‘D - \‘I\)
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o v ite v .
¢ Clad pltehins-moment coet'ticlon pltendng moment

" i

P

Lo . +
\‘1 CLN yawlng-moment coerticienty e ki t{mmn nt
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rollin: moment

Y KL roll iy -moment coetticiont: -
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SADSAC
SYMBOL SYMBOL
CASC CASC
CpB CPB
CPSC CPSC
Xcp/ 48 XCP/L
PT PT
P P
Tr 17T
g ELEVON
Sp AILRON
6BF BOFLAP
658 SPDBRK
SR RUDDER

NOMENCLATURE (Concluded)
ADDITIONS TO STANDARD LIST

DEFINITION

Sting-cavity axial force coefficient
Base pressure coefficient

Sting-cavity pressure coefficient

Normal force center-of-pressure
Freestream total pressure, PSF

Freestream static pressure, PSF

Freestream total temperature, °R

Elevon deflection, degrees
Aileron deflection, degrees
Bodyflap deflection, degrees
Speedbrake deflection, degrees

Rudder deflection, degrees

N T

e

S
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CONFIGURATION INVESTIGATED

Throughout test OA20A the full 140A/B hybrid configuration Space

Shuttle Vehicle Orbiter was used.

in the short test period.

No conficuration buildup was possible

Model (49-0) dimensional data are given for the 140A/B configuration

components in another section of this report.

The tested configuration included the following components:

B26
Cg
F7

Basic 140A/B configuration

Basic

Basic

Basic
Basic

Basic

Basic

Basic

Basic

140A/8B
140A/B

140A/B
140A/°
140A/B

140A/8
140A/8

140A/8

configuration
configuration

configuration
configuration

configuration
configuration
configuration

configuration

tuselage
canopy

bodyflap

OMS/RCS pods

OMS engine nozzles
wing

elevons for Wyyg

vertical tail

rudder for Vg



TEST FACILITY DESCRIPTION

The NASA LRC 4-foot Unitary Plan Wind Tunnel (UPWT) is a closed-
circuit, continuous flow, variable density facility. The test section is
4 feet by 4 feet by 7 feet long.

Two tunnel legs are available for supersonic testing in the Mach
number ranges 1.47 to 2.86 (Leg No. 1) and 2.29 to 4.63 (Leg No. 2}. Leg
No. 2 was used for this test. An asymmetric, sliding block nozzle
position and total pressure ;etting provide the test Mach numbers at a
sbecified Reynolds number. Reynolds numbor can be varied {rom 0.76 to
7.78 million per foot. Available stagnation pressure variation is 4.0
to 142. psia. Dynamic pressure variation is 95. to 1260. psf with rormal
operating stagnation temperature about 150°F in Mach modes 2 or 3 and
about 175°F in Mach mode 4. The tunnel is equipped with a dry air supply,
an evacuating system, and a cooling system. The facility power is approx-
imately 83,000 horsepower.

Model mounting provisions consist of various sting arrangements,
including axial (longitudinal), lateral (independent pitch and yaw), and
roll movement with side wall support. A Schlieren system and oil flow
visualization equipment are available. Data are recorded at the tunnel
and reduced off-line at the Langley Computer Center. The tvanel is used
for force and moment, pressure, and dynamic stability tests. Hot and

cold jet effects and heat transfer have been studied in the UPWT.

e




DATA REDUCTION

Force and moment data are reduced to coefficient form in both body
and stability axis systems. Base and cavity pressure adjustments are
applied.

Base Pressure Coefficient

Py - Pan PacAer * PByPBy

CPB = ———— , where P, =
Qo B ABF + ABM

Sting-Cavity Pressure Coefficient

CPSC = ?ch- P«, where Pgc is sting-cavity pressure

Sting-Cavity Axial-Force Coefficient

casc = -(PSC - PB) AsC, where Asc is sting-cavity area and
Qoo Sw Sw is the wing reference area

Fuselage Base Axial-Force Coefficient

) CPB(AB) + CPSC (Asc)
Sw

CAB =

, where AB = ABF + ABM

Forebody Axial-Force Coefficient

CAF = CA - CAB
Normal-Force Center of Pressure

_ XcG _ CLM (cw)
XCP/L = 1B~ " N (zB)

Where Xcg is the longitudinal distance from the model nose to the
Moment Reference Center, CLM is the pitching moment coefficient, CN is
the normal force coefficient, B is the reference body length, and c, is

the mean aerodynamic chord of the wing.



REFERENCE DIMENSIONS AND CONSTANTS

Definition

Fuselage base area (excluding cavity)

base area of OMS pods

Sting-cavity area
Reference wing span
Reference MAC
Reference hody length
Reference wing area

Longitudinal length, nose to
Moment Refercnce Center

Lateral length, plane of symmetry
to Moment Reference Center

Vertical length, FRP to Moment
Reference Center

Base area (Agp + Apy)

12.

.0414 Ft

.0201 Ft

.60525 Ft

.0615 Ft

Value

2

2

2

.03409 Ft
JA71 0 Ft
.5935 Ft

.616  Ft

2

774  in,

.000 in.

.375  in,



TEST ¢ PA-20

TABLE 1. DATE ¢ 9-10-73
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE kTAGNA110N TEMPERATURE
MACH NUMBER (per umit length) (pounds/sq. inch) (degrees Fahrenheit)
2.5 2.5 x 10" 3.75 150
3.9 2.5 x 106 2.43 150
4.6 2.5 x 10° 1.88 150
) KV4\]
HALANCE UTILIZED: NASMLR(« ”milﬂ
CAPACITY ACUIKACY (;?,il’l’,{"(\\}lf(ﬁ”_
NE 1000 1bs. _
o 250 1bs.
AF 85 1bs.
PM 2000 in-1bs. . _ _
RM 500 in-1bs.
Y 1000 in-1bs.

COMMENTS:
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MODCL COMPONENT:

BODY - By

GENERAL DESCRIPTION:

Configuration 140A/B Orbiter Fuselage

NOTE:  Bs, identical to Bha oxcept underside of furelape reteired to

accept Wyyq-

Model Sceale = 0.015

MODEL DRAWING NO. SS-AQO147

VL70-000195

DRAWING RUIMOER:

V9L70-0001 10\

DIKENSIONS :

Length (Body Pwd Sta X = 25 - 1n.
Max. Width (at X = 15.20)

Max. Cpth (at X“ o hedy -

Fineness Ratio

Arca - ft°
Max. Cross-Secticnal
Plantorm
Wetted

Base

i,

in.

13

TULL-SCALE
L1205 3

Je700

2400

——Qy 2L3RT

390, 88102

MODEL SCALE

—12:k00
3.93

2

JO A TSl S

9.07070

e o v e i

T R



MODEL COMPONENT: .00 - ©g

GENERAL DESCRIPTION:  Configuration 140A/B Orbiter Fuselage Canopy

Yodel Scule == 0.015 Model Drawing No. SS-AQOL47
DRAWING NUMBER ‘ e e
DIMENSION: | _ FULL SCALL  MODEL SCALE
Length (Y _~L34.047% to 677) 235.357 3.530
Mox Width (. 3 513.127 152,412 5 086
Max Depth (7 X4=475.0) 25.000 0.375
Fineness Rotio '.
Areo
Max Cross~Sectional N — ;
Planform
Wetted |
Base
5



& REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.

MODEL COMPONENT; Bodyflap — '~

GENCRAL DLECRIPTION: Cerii-amition 1LOA/B Orbiter Bodyflap

N Bodyflap Vi worinhie memerting deficchicon of #13.75%¢ cnd
S1LL0EY frem ool Loniticor . Hince line lozated ol g 152703,
ZO - 2"213-3-

Fodet Cezle = 0.015 Model Drawing No. SS-AOOL4T
DRAWING INUMLEK o NL70-000150  VTT7C-0C01L5

DIMENSICH: . A ) FULL SCALE MODEL SCALE

Length 471520 4o Y,=1613) ~ T, 92,000 1.395
Mox Widih - IT. _262.0(‘,{? 2.9%
Mox Depih (Kg = 3570) - TIL 23,000 0.345

Fineness Ratio

Area - Tt 2

Mox Cross-Secrional

—— e —

Plenform ' 150.5230 —20.0330 .
Wetted

Base 41,84722 ' 0.00941

15




MODEL COMPONENT: OM3 FODS- My

GENERAL DESCRIPTION: Confijuratioa  1L40A/B Orbiter QMS-Pods

MODEL SCALE: 0.015 Model Drawing No. SS-AQQLL7
VL70-0001L04A

DRAWING NUMBER: VL70-000145

DIMENSIONS: ) FULL SCALE MCDEL SCALE
Length (OMS Fwd Sta X, = 1233.0) - IN.  327.000 4.905
Max Width (@ X5 = 1450.0) - IN. 94.5 1.418
Max. Depta (@ X, = 1493.0) - IN. 109.C00 1.635
Area

Max Max Cross-Sectional
Planform

Wetted

Bgse

16




MODEL COMPON®NT: OMS Nozzles (Nog)

GENERAL DESCRIPTION: Configuration _lhOA/B Orbiter OMS Nozzles

MODEL SCALE: 0.015 Model Drawing No. SS-AOOL47

DRAWING NO.: VL[O-OOOI“OA

DIMENSIONS: FULL SCALE MODEL SCALE

Mach No.

Length ~ in.

Gimbal Point to Exit Plane

Throat to Exit plane

Diameter ~ in.

Exit

Throat

Inlet

Area ~~ ft2

Exit

Throat

Gimbal Point (Station)~~ in.

X 1518.0 22.77
Y + 88.0 1.32
z 492.0 7.38

Null Position ~~deg.

Pitch 159 49! 15° 49"

Yav (Outboard) 12° 17! 12° 17’




MODEL COMPONENT:  WING-W, ..

TENERAL DESCRISTION: Conficuration 1LOA/B Orbiter Wing

NOTE: Identical Lo Worl-SxceRt airledl thicimacs, Dihedral anele is plang

trailing edce of winse.

_MODEL_SCALE: 0,015 Model Drawing No. SS-A00148
JI,70-0C0LLOB ;
TEST NO. DYG. NO. yr-3-331°07 A
DIMENSIONS: FULL=-SCALE YOQEL SCALE '
TOTAL DATA
Area (Theo.) Ft2
Planform . 2090.00 0.6053
Span (Theo In, 935,606 14,050
Aspect Ratio 2L 265 2,265
Rate of Taper 1.177 1,177
Taper Ratio 0.200 0.200Q
Dihedral Angle, degrees 3.500 .~ 3-500
Incidence Angle, degrees 0.400 0,500
Aerodynamic Twist, degrees | + 3,000 +£.3.000
Sweep Sack Angles, degrees
Leading Edge 4500 4500
Trailing Edge - 10.Q54 -10.Q55
o 0.25 Element Line 35200 - 35209 *
ords:
Root (Theo; B.P.0.0. £20.2429 10.339
Tip, (Theo) B.P, 1378484 2,068
MAC 47,8117 1.222
Fus, Sta. of ,25 MAC 116,721 172.05)
- K.P. of .25 MAC ‘ 291,00 L, 365
3.L. of .25 MAC . J&2.33491 2.810
EXPOSED DATA 2
Area (1neo) Ft 1812.2208 . 0.408
Span, (Theo) In, BP108 16,6816 ~11.050
Aspect Ratio ' 2.Q58 2.088
Taper Ratio Q.249] Q.28
Chords
Root BP108 5706230 8,559
Tip 1.00 b . 13,8812 206
MAC 394.2376 —2.3l
Fus. Sta., of .25 MAC 1ak.237 L6k
W.P, of ,25 MAC 252,00 4,380

B.L., of .25 MAC
Airfoil Section (Rockwell Mod NASA)

XXXX~64
ROOt% - _ —13 S0P N & W
Tip _t2>_ - 0.12 Q.12
Data for (1) of (2) Sides
Leading tdge Cuff , —
Planform Area rt ISHAEEE Y
Leading Edge Intersects Fus M, L, @ Sta SN G
Leading Edge Intarsects Wing @ Sta 1002, 5 15.053

18




MODEL CO:PONLNT: _BELEVONS _ Eag

GERTRAL BLSCRIPYICN:

NOT VLo a0 Aate far (1) of () sideo,

- —— b ——ame e

Configuration 140A/B Orbiter Elevons

Lleatica!

airfoi! thickness.

Yodel ferle == 0.015

_Model Drawing No. 5S-A0CL48

DRAVILS KUSIHER

DIKENSTOUS:

Area

Span (equivaleat)

VIO 05l
VISIG Cadte i

Inb'd equivaloint chord

Outb'd equivalint chord

Ratio rovable surface chord/

total sucsfece chord

At Inb'd equiv. chord

At Outh'd equiv. chord

Sweep Back Jngics, degrecs

.. Leading Lage
o Taiding Fdge

Hingeline

Area Moment (Rorial Lo hinge line)

10

FULL-SCALE

4

—_— - .

e EaT:
VoV I 1

q’."‘." . 3!‘

119,602

0,00
10,054
0,00

BRYLACD

—— e b

-
to [Is- oxcent

s

H

i

H

:

HODCL SCrt e

~0:0203 __

2223 .
1.798

Q.88

0.,00



MODEL COMPONEMT:
GENERAL DESCRIPTION:

VERTICAL - V »

[rms

Similor Lo VE itk

1~ (x.',- o TR el O o i

Configuration 1LQA/B Orbiter Vertjcal Tajl

oo y-A‘ T

lener cornoy

vere veyting] poets figelorea,

Volel Casle =

Q.019

DRAWING NUNM2ZR:

Vifu-leoiLlia

YVI70-( 100

DIMENSTOLS ¢

TOTAL DATA
Area (Theo) Ft?
Planform
Span (Theo) In
Aspect Ratio
Rate of Taper
Taper Ratio
Swecp Beck Angics, dogrees
Leading Eace
Trailing Edce
0.25 Elcnient Line
Chords:
Root (Theo) WP
Tip (Th2o) WP
MAC
Fus, Sta, of .25 NAC
W. P. of .25 MAC
B. L. of .25 MAC
Airfoil Section
teading Weden Angle
Trailing Vzdoe innle

Deg
Ceg

Leading Edee Radivs (Cin) - 1t

Void Arca
Blanketed Area

0

FULL-SCALE

——

_413.253

315,000
Mﬁ..

TS
kel
(_). l)( V)

Model Drawing No. :35-A001L8

VODEL SCALE




MODEL COMPONENT:

RUDDER - R5

GENERAL DESCRIPTION:

24, 3,and 3A Configuration per Rockwell Lines

VL70-000095

Model Scele = 0.015

DRAWING NUMBER:

DIMENSIONS:

Area - FT2

-

VL70-000095

Span (equivalent) - IN.

Inb'd equivalent chord

Outb'd equivalent chord

Ratio movable surface chord/

total surface chord

At Inb'd equiv. chord

At Outb'd equiv. chord

Sweep Back Angles, degrees

lLeading ldge
lalling tidya

Hingeline

FULL-SCALE

_106.38
201.0
91.585
—50.833

__0.400

0.400

.83

of, o*

I .

N /9115

Area Moment (Normal to hinge line)- F13 _ 526.13
Product of Areca and M=zan Chord

MODEL SCALE

0.02

N2SA-A FC-MAF
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APPENDIX
TABULATED SOURCE DATA

Plotted data listings available on request
from the Data Management System.
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